This paper we introduced a schematic describing the relationship between the natural and the economic systems. One side depicted the flow of mass and energy to the economic system, while the other depicted the flow of waste products back to the environment. We examine how a balance can be achieved in the reverse flow of waste products back to the environment. Because the waste flows are inexorably intertwined with the flow of mass and energy into the economy, establishing a balance for waste flows will have feedback effects on the input flows as well.
INTRODUCTION
Two questions must be addressed: (1) what is the appropriate level of flow? And, (2) how should the responsibility for achieving this flow level be allocated among the various sources of the pollutant when reductions are needed? In this paper we lay the foundation for understanding the policy approach to controlling the flow of these waste products by developing a general frame-work for analyzing pollution control. This framework allows us to define efficient and cost-effective allocations for a variety of pollutant types, to compare these allocations to market allocations, and to demonstrate how efficiency and cost-effectiveness can be used to formulate desirable policy responses. We call this ability of the environment to absorb pollutants its absorptive capacity. If the emissions load exceeds the absorptive capacity, then the pollutant accumulates in the environment. Pollutants for which the environment has little or no absorptive capacity are called stock pollutants. Stock pollutants accumulate over time as emissions enter the environment.
Examples of stock pollutants include non-biodegradable bottles tossed by the roadside; heavy metals, such as lead, that accumulate in the soils near the emissions source. Pollutants for which the environment has some absorptive capacity are called fund pollutants. For these pollutants, as long as the emissions rate does not exceed the absorptive capacity of the environment, the pollutants do not accumulate. Examples of fund pollutants are easy to find. Many organic pollutants injected into an oxygen-rich stream will be transformed by the resident bacteria into less harmful inorganic matter. Carbon dioxide is absorbed by plant life and the oceans. The point is not that the mass is destroyed; the law of conservation of mass suggests this cannot be the case. Rather, when fund pollutants are injected into the air or water, they may be transformed into substances that are not considered harmful to people or to the ecological system or they may be so diluted or dispersed that the resulting concentrations are not harmful. Pollutants can also be classified by their zone of influence, defined both horizontally and vertically. The horizontal dimension deals with the spatial domain over which damage from an emitted pollutant is experienced. The damage caused by local pollutants is experienced near the source of emission, while the damage from regional pollutants is experienced at greater distances from the source of emission. The limiting case is a global pollutant, where the damage affects the entire planet. The categories are not mutually exclusive; it is possible for a pollutant to be in more than one category. Sulphur oxides and nitrogen oxides, for example, are both local and regional pollutants.
STOCK POLLUTANTS
The efficient allocation of a stock pollutant must take into account the fact that the pollutant [3] [4] accumulates in the environment over time and that the damage caused by its presence increases and persists as the pollutant accumulates. By their very nature, stock pollutants create interdependency between the present and the future, since the damage imposed in the future depends on current actions. The damage caused by pollution can take many forms. At high enough exposures to certain pollutants, human health can be adversely impacted, possibly even leading to death. Other living organisms, such as trees or fish, can be harmed as well. Damage can even occur to inanimate objects, as when acid rain causes sculptures to deteriorate or when particulates cause structures to discolour. The dynamic efficient allocation, by definition, is the one that maximizes the present value of the net benefit. In this case the net benefit at any point in time, t, is equal to the benefit received from the consumption of X minus the cost of the damage caused by the presence of the stock pollutant in the environment.
Exactly the same pattern would emerge for a commodity that is produced jointly with a stock pollutant. The efficient quantity of X (and therefore, the addition to the accumulation of this pollutant in the environment) would decline over time as the marginal cost of the damage rises. The price of X would rise over time, reflecting the rising social cost of production. To cope with the increasing marginal damage, the amount of resources committed to controlling the pollutant would increase over time. Ultimately, a steady state would be reached where additions to the amount of the pollutant in the environment would cease and the size of the pollutant stock would stabilize. At this point, all further emission of the pollutant created by the production of X would be controlled (perhaps through recycling). The price of X and the quantity consumed would remain constant. The damage caused by the stock pollutant would persist. As was the case with rising extraction cost, technological progress could modify this efficient allocation. Specifically, technological progress could reduce the amount of pollutant generated per unit of X produced; it could create ways to recycle the stock pollutant rather than injecting it into the environment; or it could develop ways of rendering the pollutant less harmful. All of these responses would lower the marginal damage cost associated with a given level of production of X. Therefore, more of X could be produced with technological progress than without it. Stock pollutants are, in a sense, the other side of the intergenerational equity coin from depletable resources. With depletable resources, it is possible for current generations to create a burden for future generations by using up resources, thereby diminishing the remaining endowment.
FUND POLLUTANTS
To the extent that the emission of fund pollutants exceeds the assimilative capacity of the environment, they accumulate and share some of the characteristics of stock pollutants [5] . When the emissions rate is low enough, however, the discharges can be assimilated by the environment, with the result that the link between present emissions and future damage may be broken. When this happens, current emissions cause current damage and future emissions because future damage, but the level of future damage is independent of current emissions. This independence of allocations among time periods allows us to explore the efficient allocation of fund pollutants using the concept of static, rather than dynamic, efficiency. Because the static concept is simpler, this affords us the opportunity to incorporate more dimensions of the problem without unnecessarily complicating the analysis [6] [7] [8] . In Figure 2 we use these two pieces of information on the shapes of the relevant curves to derive the efficient allocation. A movement from right to left refers to greater control and less pollution emitted. The efficient allocation is represented by Q*, the point at which the damage caused by the marginal unit of pollution is exactly equal to the marginal cost of avoiding it. The diagram suggests that under the conditions presented, the optimal level of pollution is not zero. If you find this disturbing, remember that we confront this principle every day. Take the damage caused by automobile accidents, for example. Obviously, a considerable amount of damage is caused by automobile accidents, yet we do not reduce that damage to zero because the cost of doing so would be too high.
The point is not that we do not know how to stop automobile accidents. All we would have to do is eliminate automobiles! Rather, the point is that since we value the benefits of automobiles, we take steps to reduce accidents (such as using speed limits) only to the extent that the costs of accident reduction are commensurate with the damage reduction achieved. The efficient level of automobile accidents is not zero. The second point is that in some circumstances the optimal level of pollution may be zero, or close to it. This situation occurs when the damage caused by even the first unit of pollution is so severe that it is higher than the marginal cost of controlling it. This would be reflected in Figure 2 as a leftward shift of the damage cost curve of sufficient magnitude that its intersection with the vertical axis would lie above the point where the marginal cost curve intersects the vertical axis. This circumstance seems to characterize the treatment of highly dangerous radioactive pollutants such as plutonium.
Additional insights are easily derived from our characterization of the efficient allocation. For example, it should be clear from Figure 2 that the optimal level of pollution generally is not the same for all parts of the country. Areas that have higher population levels or are particularly sensitive to pollution would have a marginal damage cost curve that intersected the marginal control cost curve close to the vertical axis. Efficiency would imply lower levels of pollution for those areas. Areas that have lower population levels or are less sensitive should have higher efficient levels of pollution.
SUMMARY
In this paper we developed the conceptual framework needed to evaluate current approaches to pollution-control policy. We have explored many different types of pollutants, and found that context matters. Different policy approaches are appropriate for different circumstances. Stock pollutants pose the most serious intertemporal problems. The efficient production of a commodity that generates a stock pollutant could be expected to decline over time. Eventually, a point would be reached when all of the pollutant would be recycled. After this point, the amount of the pollutant in the environment would not increase. The amount already accumulated, however, would continue to cause damage perpetually unless some natural process could reduce the amount of the pollutant over time. The efficient amount of a fund pollutant was defined as the amount that minimizes the sum of damage and control costs. Using this definition, we were able to derive two propositions of interest: (1) the efficient level of pollution would vary from region to region; and (2) the efficient level of pollution would not generally be zero, although in some particular circumstances, it might. Since pollution is a classic externality, markets will generally produce more than the efficient amount of both fund pollutants and stock pollutants. For both types of pollutants, this will imply higher-than-efficient damages and lower-than-efficient control costs. For stock pollutants, an excessive amount of pollution would accumulate in the environment,
